The H + and Li + interactions with DNA bases have been studied by a variety of experimental and theoretical method. [1] [2] [3] [4] [5] [6] It is known that the coordinated metal ions play a significant role in the biological action of nucleic acids. Metal cations interact with the DNA bases, destroying the hydrogen bonding between the base pairs, especially. Therefore, the structure of DNA is changed. 7, 8 So, the metal cations affect syntheses, replication and cleavage of DNA. Cerda and Wesdemiotis 9 have reported the interaction of Li + , Na + and K + with DNA bases by a modified version of the kinetic method, but they do not show the information on the coordination site of the metal. Del Bene 10 have reported the results of a study for the Li + complexes of the DNA bases by ab initio calculations with the STO-3G basis sets to determine the optimized structures and stabilization energies. However the results are not reliable because calculations have been done at low level. Actually, we can not locate the structures for the some complexes which are optimized by him. Instead the some new bridging complexes have been found.
The H + and Li + interactions with DNA bases have been studied by a variety of experimental and theoretical method. [1] [2] [3] [4] [5] [6] It is known that the coordinated metal ions play a significant role in the biological action of nucleic acids. Metal cations interact with the DNA bases, destroying the hydrogen bonding between the base pairs, especially. Therefore, the structure of DNA is changed. 7, 8 So, the metal cations affect syntheses, replication and cleavage of DNA. Cerda and Wesdemiotis 9 have reported the interaction of Li + , Na + and K + with DNA bases by a modified version of the kinetic method, but they do not show the information on the coordination site of the metal. Del Bene 10 have reported the results of a study for the Li + complexes of the DNA bases by ab initio calculations with the STO-3G basis sets to determine the optimized structures and stabilization energies. However the results are not reliable because calculations have been done at low level. Actually, we can not locate the structures for the some complexes which are optimized by him. Instead the some new bridging complexes have been found.
In this study, we focus our attention on the association sites, association energies and optimized structures for the Li + complexes of DNA bases to describe the structural and energetic features of these complexes. DFT calculations are carried out at B3LYP level 11 of theory with the 6-31G(d,p) basis sets using the Gaussian98 series of program. 12 The geometry of all structures are fully optimized using energy gradient method 13 without any constraint. Vibration frequencies are also calculated at B3LYP level to confirm that all the stationary points correspond to true minima on the potential energy surface. All frequency calculations are performed using numerical second derivatives and verified that all structures are true minima by frequency analysis and obtained all positive Hessian eigenvalue. Zero-point corrections are included in association energies, however, a basis set superposition errors (BSSE) are not considered because the BSSE for alkali metal complexes of DNA bases are small, as in other paper 6 Figure 1 have Cs symmetry without C1 of the A1 and C2.
The selected geometrical parameters for the optimized DNA bases and Li + complexes of these bases are summarized in Table 1 . And the computed lithium cation association energies are shown in Table 2 .
As shown in Figure 1 , there are three distinct complexes of Li + with adenine. The most stable complex of the adenine with Li + is the bridging complex in which Li + forms a fivemembered ring, interacting with both N 6 and N 7 . The lithium cation association energy of this complex is -56.23 kcal/mol as shown in Table 2 . The bicoordination of lithium cation yields the more stable adenine-Li + complex. Association of adenine with Li + is accompanied by structural changes within the pyrimidine ring as can be seen in Table 1 . When Li + binds at both N 1 and N 6 , the N 1 -C 2 distance increases by 0.012 Å, whereas the C 5 -C 6 bond length of 1.411 Å is reduced to 1.386 Å in the complex. The notable change in bond lengths is an increase of 0.086 Å in the C 6 -N 6 distance. The two dihedral angles of -10.0 and -170.1 o by amino hydrogens in adenine change to 133. 6 and -110.4 o in N 1 -N 6 complex, respectively. This is due to the repulsion between the Li + and amino hydrogen on the N 1 side of the C 6 -N 6 bond. The amino hydrogens rotate to reduce this repulsion. The N 1 -Li + and N 6 -Li + distances are calculated to be 1.990 and 2.066 Å, respectively. When Li + binds at N 3 (A2 in Figure 1 ), the N 1 -C 2 bond length decreases by 0.027 Å. The C 2 -N 3 and N 3 -C 4 distances increase by 0.025 and 0.021 Å. The N 3 -Li + distance is 1.910 Å. All other bond distance and bond angle changes are small. For the bridging complex in which Li + forms a fivemembered ring (A3 in Figure 1 ), the N 7 -Li + distance is 1.991 Å and the N 6 -Li + is 2.094 Å. The C 5 C 6 N 6 angle changes notably, decreasing by 4.7 o . This large change is associated with bridging nature of the complex caused by interaction of Li + with both N 6 and N 7 . The two association sites for Li + complex with thymine have been found, one at each carbonyl group, as shown in Figure 1 The two distinct complexes of Li + with guanine have been found as shown in Figure 1 . One is the four-membered bridging complex in which Li + interacts with both N 2 and N 3 , the other is the complex in which Li + forms a fivemembered ring with both O 6 and N 7 . As shown in Table 2 , the Li + association energies of these complexes are -45.86 and -80.25 kcal/mol. The five-membered ring formation is about 34.4 kcal/mol more stable than the four-membered ring formation. This result shows that the five-membered ring formation is favored with respect to formation of fourmembered ring because of the minor annular strain.
14 The O 6 -N 7 five-membered ring complex is the strongest of the Li + complexes with the DNA bases as seen in Table 2 . This is consistent with the result obtained by Del Bene, 10 and it is shown that the imino nitrogen is preferred over the amino one.
In five-membered ring complex, the N 1 -C 6 and C 5 -C 6 bond distances decrease by 0.049 and 0.033 Å, respectively, while the C 6 -O 6 distance increases by 0.035 Å. The C 5 C 6 O 6 angle decreases notably by 6.9 o . This large change is also associated with the bridging nature of complex. The O 6 -Li + and N 7 -Li + distances are found to be 1.920 and 2.067 Å, respectively. On the other hand, the two N-Li + distances in four-membered ring complex are found to be 2.075 and 1.977 Å.
The two bridged complexes have been found in the cytosine molecular plane in which Li + forms four-membered ring with O 2 -N 3 and N 3 -N 4 as shown in Figure 1 . The more stable is the bridging complex formed with both O 2 and N 3 . This result is shown that the carbonyl oxygen is preferred over the amino nitrogen. In the O 2 -N 3 complex, notable changes occur in bond distances and angles from N 1 to C 4 as shown in Table 1 In this study, it has been also found that complexation of Li + with the DNA bases leads to structural changes in the bases. 
